This paper examines the relationship between inequality and economic growth for thirty Portuguese NUTS3 regions within a multivariate panel framework over the period 1995-2007, using panel cointegration techniques to test for the existence of a relationship between inequality and real GDP per capita. The results point to the existence of a relationship between the variables, where the effect of inequality, measured as the Gini index of the earnings distribution, on per capita output is negative. This negative influence seems to be determined by the behavior of the bottom of the earnings distribution, most likely by dampening investment in human capital, with the results pointing to the coexistence of a positive impact of inequality at the top of the distribution, supporting the incentives argument for the inequality-growth nexus. Additionally, the results confirm the predicted positive relationship between human capital and output, lending support to both the exogenous and endogenous growth models predictions on the importance of human capital for production both as inputs in the production of final goods and in the production of technology. Another interesting result concerns structural funds: we found a negative relation of this variable with regional output. We believe that EU structural funds were a source of Dutch disease for Portugal, which resulted mainly in a lack of external competitiveness of the Portuguese economy due to the excessive specialization in non-tradable goods made possible by the European funds
Introduction
In light of the recent concerns over the high income inequality indicators for Portugal, on the one hand, and its dismal growth performance, on the other hand, the discussion on the relationship between inequality and economic performance in the Portuguese economy seems a timely one. According to the European Commission's report Employment and Social Developments in Europe 2011, in 2010 Portugal presented the fourth highest Gini coefficient of income distribution, after Lithuania, Latvia and Spain.
Eurostat's data on real GDP per capita growth rates show that Portugal grew faster than the EU15 average between 1996 and 2000, respectively, 3.84% and 2.56% on average, but since 2001 its growth rate has become increasingly lower, respectively, 0.59% and 1.57% for the EU15, on average, between 2001 and 2007, and its long-term growth prospects are quite poor. Additionally, the ongoing economic and public finances sustainability crisis with the associated cut in resources for social support increases the concerns with the long-term implications of potentially growing inequalities. We look at the inequality-output nexus from a regional perspective examining the thirty Portuguese NUTS3 regions over the period 1995-2007 using panel cointegration techniques.
The analysis of the relationship between inequality and economic growth has received a great deal of attention over the years resulting in a large body of theoretical and empirical literature on the subject. At the theoretical level, four views on the relationship between inequality and growth are typically identified (see e.g Duarte and Simões (2011) 1 ; Ehrhart (2009); Barro (2000) ; Aghion et al. (1999) ). The first view, named by Aghion et al. (1999) as "traditional theories", postulates that inequality is good for growth due to its beneficial effects on savings, investment and incentives, with redistribution distorting incentives to save and work. The second view, the fiscal or political economy approach, argues that greater inequality increases public support for redistribution, which leads to higher tax rates on capital accumulation and slower growth of the overall economy. The third view, called the credit markets imperfection approach suggests that barriers to financial markets access when, for instance, insufficient collateral leads some borrowers to forgo high-return projects, constitutes an impediment to capital accumulation and innovation so that higher inequality impedes growth. Finally, the political instability approach, the fourth view, defends that inequality amplifies the risks of social and political crisis with the inherent instability reducing investment and growth. However, García-Peñalosa (2008) argues that since output growth, from a supply-side perspective, has four fundamental sources, physical capital, human capital, the labour supply and the level of technology, each of these represents a mechanism that relates the two variables, and so, depending on the source of growth, inequality and growth may be positively or negatively related.
Recent empirical studies have also failed to reach a consensus on the sign of the effect of inequality upon growth, arriving at varied and sometimes conflicting results (see e.g. Dominicis et al. (2008) ). In general, cross-country studies suggest that there is a negative relationship between initial income inequality and subsequent economic growth, even after controlling for other important growth influences, but using panel evidence leads to different conclusions. Forbes (2000) argues that this can be interpreted as evidence that inequality is detrimental to growth in the long run but not over shorter time horizons. In any case, most studies are interested in identifying a sign for the relationship revealing little about why inequality might impede or be conducive to economic growth (exceptions include Perotti (1996) ).
Although the empirical literature on the relationship between inequality and growth is well established the empirical studies on this nexus for the Portuguese economy are rather limited. To the best of our knowledge such an analysis has been performed only by Andrade et al. (2011) and Duarte and Simões (2012) . This study extends the existing literature by adopting a regional perspective, examining the relationship within a multivariate panel cointegration framework which combines the cross-section and time series dimensions of the data. Individual country studies such as Andrade et al. (2011) are often confronted with the problem of a short data span that lowers the power of traditional time series unit root and cointegration tests so adding the cross-sectional dimension can be important to increase the power of such tests. As in Duarte and Simões (2012), we follow Dominicis et al. (2008) suggestion that empirical studies on the relationship between inequality and growth should focus on using single-country data at the regional level 2 . This is because the inability of recent empirical studies to reach a consensus is rooted in data quality problems, sample coverage variations and the 2 "The analysis of the growth inequality linkage on a regional basis may therefore be more informative than the analysis based on worldwide cross-country data." Dominicis, Florax and De Groot (2008) , p. 676.
use of different estimation methods that can be mitigated, at least the first two, by taking a regional perspective of a specific country. This study also extends the existing literature by estimating the relationship between inequality and output using the Dynamic Ordinary Least Squares (DOLS) estimator that allows for consistent and efficient estimates of equations with nonstationary variables, thus overcoming the spurious regressions problem. Additionally, the DOLS estimator also deals with the problem of the endogeneity of the regressors.
The remainder of the paper is organized as follows. Section 2 briefly overviews the hypotheses related to the inequality-growth nexus. Section 3 discusses the data, methodology, and empirical results. Section 4 offers some concluding remarks.
A brief overview of the literature on the inequality-growth nexus
Is inequality an impediment or a stimulus to economic growth? This is a recurrent debate in economic research. There is by now an extensive and rich literature on the relationship between inequality and economic growth that has been carefully and thoroughly surveyed by Benabou (1996 ), Perotti (1996 , Aghion et al. (1999 ), Barro (2000 , Bertola et al. (2006) , García-Peñalosa (2008) , and Ehrhart (2009), among others 3 . In the 1990's, a renewed interest on the subject took place that lead mostly to the development of theoretical models. Due to the scarcity of reliable and comparable data on inequality and due to the existence of poor measures of inequality, empirical literature on the subject lagged behind. The expected sign for the relationship between inequality and growth is a complex matter with early growth models on the subject predicting a positive sign, later ones arriving at a negative relationship and more recent growth models combining both effects. The evidence from empirical studies on the relationship between inequality and growth is also mixed. The cross-country studies usually find that higher inequality slows future growth, but the evidence from the studies that explore panel data is not compelling, pointing to an ambiguous effect of inequality on growth.
According to some theories 4 , also designated as traditional or classical theories on the impact of inequality upon economic growth, inequality promotes economic growth because: (i) growth depends positively on the accumulation of physical and human capital and richer individuals save more and thus invest more than poorer individuals and, in addition, there are indivisibilities and large sunk costs in physical capital investments implying a higher concentration of wealth in order to put into practice new investment projects; and (ii) it provides an incentive to the appearance of entrepeneurs/inventors expecting to belong to the wealthier part of the society, thus enhancing growth when innovation is the driving force of long run performance, as well as promoting higher effort by workers and thus efficiency (see e.g. Rodríguez-Pose and
Tselios (2010)).
The negative effect of inequality on growth is justified on the basis of three main arguments or mechanisms of transmission. The fiscal or political economy approach literature is based on the interplay of two mechanisms, the political mechanism and the economic mechanism (see e.g. Bertola (1993) ; Rodrik (1994), and Persson and Tabellini (1994) ). The political mechanism states that in more unequal societies the median voter will vote for higher levels of taxation and government expenditure. These introduce distortions which will in turn discourage private investment, hindering in this way economic growth -the economic mechanism.
The credit markets imperfection approach, also known as the borrowing constraints in human capital investments channel explains the relationship between inequality and growth based on the analysis of investments in human capital, that foster growth, when there are imperfections in credit markets. Only those individuals that have a high enough initial level of wealth are able to invest in human capital because borrowing is costly and difficult. Thus, an economy with a less unequal wealth distribution will be growth enhancing because it invests more in human capital. For instance, Galor and Zeira (1993) show that in initially highly unequal societies, because of borrowing constraints, fewer individuals are able to invest in human capital, which in turn is detrimental to growth. Galor and Tsiddon (1994) , on the other hand, develop a model in which the relationship between inequality and growth depends on the stage of development of an economy. At earlier stages of capitalism, the engine of growth is the accumulation of physical capital and a more unequal wealth distribution is beneficial to growth because the owners of capital have a higher propensity to save. At later stages of capitalism the engine of growth is human capital accumulation. If there are borrowing constraints on individual's human capital investment due to the existence of capital market imperfections to the borrowers, at later stages of capitalism a less unequal wealth distribution enhances economic growth because individuals decide to invest more in human capital.
The social-political instability channel argues that in more unequal societies individuals are more likely to be involved in activities that act as a disincentive to private investment, such as violent protests against the regime, coups or criminal activities, which in turn hinders capital accumulation and thus growth (see e.g. Alesina and Perotti (1996) and Perotti (1996) ). This channel is potentially more relevant to explain the inequality-growth nexus in less developed countries but less likely to occur in a country like Portugal 5 .
García-Peñalosa (2008) conducts a survey of the literature on inequality and growth focusing on recent theories especially suitable to explain this relationship in industrialized economies. She argues that both the sign and the direction of causation of the relationship depend on the source of growth under consideration, technological change, human and physical capital accumulation, and changes in the labour supply.
The author also points out that "Given the conflicting theoretical predictions, we would like to turn to the empirical evidence in order to assess the relative importance of these various mechanisms." (p. 75), although so far that does not seem to have been made possible.
At the empirical level, a set of studies (see e.g. Persson and Tabellini (1994), Alesina and Rodrik (1994) , Alesina and Perotti (1996) , Clarke (1995 ), Perotti (1996 , Deininger
and Squire (1998), Chen (2003) , Balisacan and Fuwa (2003) , Bleaney and Nishiyama (2004) ) tried to assess the contribution of inequality to cross-country variation in growth rates, after controlling for a number of variables that have been found relevant in the explanation of cross-country growth performance in a large number of empirical growth studies. The estimates of the impact of inequality on economic performance of most of the cross-country studies reveal a negative long-run relationship between the two variables, a result that is usually robust to different sensitivity analyses such as controlling for different inequality measures, different samples and time periods, the presence of outliers, model uncertainty, measurement error, reverse causation, and heteroscedasticity.
However, following the release of the Deininger and Squire inequality dataset 6 that assembled more reliable data with time series information for a large enough group of countries, a number of studies estimated the inequality and growth relationship using panel data techniques (see e.g. Persson and Tabellini (1994) , Forbes (2000) , Barro (2000) , Banerjee and Duflo (2003) , Voitchovsky (2005)), trying to uncover in this way a short to medium-term relationship. Contrary to the common message conveyed by most cross-country studies, the panel data evidence is quite diverse, finding either a positive, negative or non-existent correlation between inequality and growth.
In face of the mixed evidence on the inequality-growth relationship provided by empirical studies, Dominicis et al. (2008) use the statistical methodology known as meta-analysis, that combines the results of several empirical studies on inequality and growth to give a quantitative summary of the main findings, to survey the empirical literature (Dominicis et al. (2008) , p.661). The analysis is based on 37 studies that give a total of 407 estimates for the coefficient of the inequality measure 7 , restricted to be the Gini coefficient of income distribution 8 . The results show that the variation in the estimates of the income inequality-growth relation are systematically associated with differences in estimation methods, sample coverage and data quality -fixed effects estimates are usually higher, the negative impact is stronger in poorer countries and when the growth period analyzed is longer, and poorer data quality leads to lower coefficient estimates. A final quite relevant suggestion by the authors is that, "(…) it is particularly promising if attention would shift towards samples of regions within one country, or a limited set of countries with similar characteristics, or alternatively with different characteristics to the extent that these can be controlled for in the specification of the regression model." Dominicis et al. (2008) , p. 678. Malinen (2012) argues that the appropriate econometric methods to assess the relationship between inequality and growth are panel data time series methods since these do not imply any loss of information and allow for the identification of a long-run 6 See Deininger and Squire (1996) . 7 See the citations in the previous paragraphs for examples of many studies included in this meta-analysis. As far as the analysis of the relationship between inequality and regional growth is concerned, applied studies have not, to the best of our knowledge, derived any evidence from the use of panel cointegration techniques. In fact, the only study we know of that applies them is Malinen (2012) but from a cross country-level perspective. Examples of regional growth analysis that use panel cointegration methodologies can be found in Márquez et al. (2010) and Laurin (2012) , but focusing on different growth determinants, respectively, factor accumulation and trade. If the series used in applied regional growth studies are non-stationary, the cross-section and panel econometric methodologies applied in earlier studies suffer from the spurious regression problem. The panel cointegration methodology allows us to deal with this problem by accounting for the integration and cointegration properties of the data.
Data, methodology, and results
To investigate the relationship between inequality and output we use the following (respectively, lgini, lr1050, and lr9050) , the average number of years of education of the workforce, total or relative to a certain schooling level (respectively, lh -total; lhssecondary, and lhh -tertiary), and the ratio of structural funds received relative to GDP, respectively, and e_sector is the employment share of either manufacturing or services (respectively, e_Man and e_Ser). The parameters α i and δ i allow for the possibility of region-specific effects and deterministic trends, respectively, and ε it denotes the error term. In total we have thirty regional units 10 (N=30) and thirteen years (T=13) of data, for a total of 390 observations. The panel is balanced.
The choice of the explanatory variables, besides inequality 11 , was determined by theoretical predictions, the convenience of a parsimonious specification and the availability of regional data for the Portuguese NUTS3 regions. Human capital, measured in many empirical growth studies by educational attainment, is expected to influence positively regional economic performance not only due to its role as an ordinary input into production but also as a major input in the production of new ideas (see e.g. Mankiw et al. (1992) ; Benhabib and Spiegel (1994; 2005) ; Sianesi and van
Reenen (2003)). The influence of the sectoral composition of regional economic activity has also been considered has a relevant regional growth determinant in previous studies (see e.g. Applica and wiiw (2007), EC (2007), Ezcurra (2007) , Cambridge
Econometrics (2009)). Although investment ratios have been found to be one of the more robust growth determinants (see e.g. Levine and Renelt (1992) , and Sala-i-Martin Durlauf et al. (2005) ). We therefore include in our empirical analysis other explanatory variables selected on the basis of the criteria described in the text.
(1997)) this series is not available at NUTS3 level for Portugal. This problem may be to some extent overcome by the fact that we include the structural funds Portuguese regions received from the EU during the period under analysis as an explanatory variable, at least assuming that they have been used primarily for investment. In any case, structural funds have been found to be a robust regional growth determinant (see e.g. Cappelen et al. (2003) , Soukiazis and Antunes (2006), Puigcerver-Peñalver (2007)).
Data
Data for this study refers to five variables: real GDP per capita, an earnings inequality measure, average years of schooling, a measure of the regional productive structure, and (2001)). For each region we constructed weighted distributions of earnings from which we compute the inequality measures to be used in the estimations:
the Gini index (Xu (2004)), and the ratios between percentiles 90% and 50% (r9050) and between percentiles 10% and 50% (r5010), that provide information on the impact of inequality in different parts of the distribution, top and bottom, respectively. Previous studies show that the relation between inequality and output might depend on inequality in different parts of the distribution, top or bottom, with inequality at the top fostering faster growth due for instance to the incentives argument, and inequality at the bottom reducing the growth rate because it leads to less investment in human capital (see e.g.
Voitchovsky (2005) and García-Peñalosa (2008)) 21 . See Fidalgo et al. (2010) for details on the construction of the variable average years of total schooling of the workforce at the regional level. Average years of schooling of the workforce by schooling level, secondary and tertiary, were taken from Cardoso and Pentecost (2011) , who also use data from QP database. 19 "Wage income is the main source of personal and household income, and hence its distribution has major implications for inequality. A large literature has hence examined the evolution of the distribution of labour earnings, and documented that in the last two decades of the 20th century a number of industrialised countries experienced a substantial widening in the earnings distribution." García-Peñalosa (2008), p. 61. 20 This is a monthly average reported each year referring to the month of October. We consider average full earnings of the employees that performed complete working hours during the month of October. 21 According to García-Peñalosa (2008) , p. 75: "Inequality has two effects on the growth rate, a positive incentive effect, in line with the traditional literature, and a negative opportunity-creation effect operating through the constraints on human capital investment that it imposes on poor individuals. Greater inequality is hence conducive to growth if it occurs at the top of the distribution, and detrimental if it occurs at the bottom." mainland, and also by the Portuguese islands, Madeira and Açores. These richer regions also tend to present higher values for the educational attainment variables, the manufacturing and services employment shares, and to some extent structural funds received. Grande Lisboa is almost three times richer than the poorest region, Tâmega, and slightly more than two times richer than the average value for Portugal. A quick inspection of the data indicates that the richest regions tend to register less earnings inequality, especially at the bottom of the earnings distribution. Considering the Gini index and the ratio r1050, only five out of the fifteen richest regions are in the first half of the earnings inequality ranking, where inequality is higher. With the ratio r9050, seven out of the fifteen richest regions are in the first half of the inequality ranking, and another three are in the top positions of the second half of the ranking. This evidence points also to possible differences concerning the link between inequality and output depending on the earnings groups affected.
[Insert Table 1 here]
Methodology
Our empirical investigation of the relationship between inequality and growth in the Portuguese NUTS3 regions is conducted in two steps. First, we test for the order of integration of the variables. Second, we estimate the relationship coefficients for the period 1995-2007 using the dynamic OLS (DOLS) panel cointegration estimation methodology 22 .
Unit root testing in panels is quite recent (see e.g. Baltagi (2005) ). In what follows, we provide a short description of some tests that assume cross-sectional independence and of a test proposed by Pesaran that assumes the presence of cross-sectional dependence. Afterwards, we also provide a short description of a stationarity test.
The simplest model for testing panel unit roots was a mere replication of a time series unit root test, based on the following equation:
22 The analysis of cointegration does not allow us to identify the direction of causality, an issue that has always been associated with the discussion of the relationship between inequality and growth (see e.g. Gobbin and Rayp (2008) ). However, since we only have thirteen annual observations the lag structure that would be necessary to carry out such an analysis would further restrain the degrees of freedom in an already small sample. As more data becomes available it will be possible to develop a causality analysis.
without or with a constant term (see Quah (1994) and Quah (1996) ), where the null is H 0 : α=1 against the alternative H a : α≤1. Levin and Lin (1992) and Levin and Lin (1993) add individual and time specific components to equation (2), so that:
where the correction for serial correlation is done in the same way as that employed in traditional ADF time series test. The authors also prove that the panel tests statistics have limiting Normal distributions.
The major limitation of these tests is the exclusion of heterogeneity by imposing a value of α common to all individuals (i=1,…,N). Im et al. (2003) 23 (henceforth IPS) propose a test that allows for heterogeneous individual behavior. Supposing that t a (i=1,…,N) are the t-statistics associated with each cross-section estimation then Hadri (2000) proposes an adaptation of the KPSS LM test for time series (Kwiatkowski et al. (1992) ) to panel data. Suppose that the Data Generating Process can be represented by: In the presence of unit root variables Kao and Chiang (2001) demonstrate that the OLS estimator has a considerable bias in normal samples and that, in general, the FMOLS (fully modified OLS) estimator does not improve the OLS estimator. The authors conclude that the DOLS (dynamic OLS) estimator performs better than the other two estimators even if the limiting distribution of the regressors is the same for the DOLS and FMOLS estimators. Both the FMOLS and the DOLS estimators are supposed to correct for endogeneity and serial correlation. The Kao-DOLS approach is a derivation of Saikkonen (1991) for panel data where the observations for each unit are corrected using estimators of the long-run conditional variances and it is supposed that there is no cross-sectional dependence. Mark and Sul (2003) propose to weight the observations of each individual with an estimate of the asymptotic covariance matrix.
Their approach requires a two steps DOLS. Both the Kao and Chiang (2001) and the Mark and Sul (2003) estimators consider fixed effects in the estimation of the cointegration regression, and so the latter authors argue that the expression "dynamic least squares dummy variable" is more accurate to designate these estimators although, for simplicity, they use the more commonly used designation DOLS. Mark and Sul (2003) propose a homogeneous cointegrating vector where the presence of individual-specific fixed effects and individual-specific time trends is allowed for and a common time effect is used to control for cross-sectional dependency.
In summary, in this study we use new generation panel data methods, specifically panel time series econometric approaches, as in for instance Eberhardt and Teal (2011) and Eberhardt and Teal (forthcoming) . These are especially suitable for empirical growth studies that use macroeconomic data that are usually non-stationary and thus growth regressions suffer from the spurious regression problem, as we have previously pointed out. If however the series are cointegrated, it is possible to establish long-run equilibrium relationships in the data by using the appropriate panel time series methods.
We thus start by testing for the presence of unit roots. In all the panel unit root tests applied we demean the variables to take into account the possibility of cross-section dependence, following the suggestion of Pesaran (2007), and we also apply the Pesaran test (CADF) to account for this specific problem (see Pesaran (2007)). Since the results point to non-stationarity of the data we apply the DOLS panel time series method to estimate the different regressions, which assumes parameter homogeneity. Based on the fact that we are carrying out a study with regional data for Portugal, it is reasonable to assume homogeneity of the regression parameters as a more suitable hypothesis than that suggested by Brock and Durlauf (2001) concerning the adequacy of adopting the opposite assumption, that of parameter heterogeneity, which in our opinion would be completely justifiable only if we were using cross-country data. Nevertheless, we tested the Pedroni (2001) hypothesis of parameter heterogeneity. The homogeneity hypothesis was rejected only in the cases where the estimated regression includes one to two exogenous/explanatory variables. In all the other estimations with more than two exogenous/explanatory variables the homogeneity hypothesis was rejected. These results justify the estimation of homogeneous cointegrated DOLS parameters.
Results
Tables 2-5 present the results of the different panel unit root tests described in the methodology section for both the levels and the first differences of the variables, all in logs. For the IPS test we have removed the individual means in order to control for cross-sectional correlation. In this case, the two relevant statistics to determine whether the series have a unit root are the "t" and "Z" statistics without trend and with trend. The null hypothesis admits that all series contain a unit root and the alternative that some fraction of individuals/regions is stationary. The "Z" statistic of the HT test considers as the null that the entire sample has a unit root. The "t" statistic of the CADF test considers as null that all individual values have a unit root against the alternative that some fraction of individuals are stationary. The constant is present in the first, and in the second with the trend. The Hadri "Z" test considers as the null hypothesis the stationarity of all individuals against the alternative that some fraction of individuals has a unit root. We use a Bartlett kernel with one lag to control for serial correlation.
[Insert Tables 2-5 here] As for the results concerning the variables in levels (see Tables 2-5 Given that the panel unit root tests indicate that each variable is integrated of order one, the dynamic OLS (DOLS) technique is used to estimate the relationship between the variables in equation (1) over the period 1995-2007. We used two different methodologies in our DOLS estimations, that of Kao and Chiang (2001) and that of Mark and Sul (2003) . The latter considers four different behavioral hypotheses: "no time trend, no common time effect; "no time trend, with common time effect"; "heterogenous time trend, no common time effect"; and "heterogenous time trend, common time effect". In all four estimations using the Mark (2003) methodology that we carried out the results did not seem to make economic sense. For instance, we got negative and significant coefficients on human capital and substantial differences in coefficient values across regressions corresponding to the different behavior hypothesis.
We thus present only the results obtained with the Kao (2001) [Insert Table 6 here] Table 6 exhibits the results of panel cointegration estimation using the Gini index as the earnings inequality measure. Regressions 1-2 consider average years of total schooling, lh, as the human capital measure. Regression 3 consider that the relevant schooling level for production is secondary schooling and so the proxy used for human capital is average years of secondary schooling, lhs. In regression 4 it is considered in addition the contribution of tertiary schooling by introducing simultaneously average years of tertiary schooling, lhh, as an explanatory variable. In each case, we test for the relationship between output and the earnings inequality measure, the human capital variable(s), the homogeneous trend 'years', structural funds, lasf, and the influence of the regional productive structure by introducing the employment shares of the two major sectors of activity, combined or one at a time, depending on the statistical significance of the results.
The results in Table 6 point to a negative relationship between earnings inequality and output when measured as the Gini index of the employees' earnings distribution.
The estimated coefficient of lgini is in all regressions negative and statistically significant so that an increase in inequality reduces output.
As far as the other explanatory variables are concerned, the human capital regressors are positive and statistically significant in all the regressions presented in Table 6 , lending support to both the exogenous and endogenous growth models predictions on the importance of human capital for production both as inputs in the production of final goods and in the production of technology, although our empirical model does not allow us to distinguish between the two mechanisms. An indication of the importance of human capital as an input in the production of technology is the fact that when we consider the separate influence of lhs and lhh the estimated coefficient on average years of tertiary schooling, the educational attainment level potentially more important for this task, is positive and statistically significant, although quantitatively lower than the lhs coefficient. The trend variable 'years' has an unambiguous negative and statistically significant sign, which is not surprising since we know from national/aggregate data that output growth stopped in 1998 and the stagnation in terms of trend output began in
2002.
Another interesting result is the negative and statistically significant coefficient of the structural funds variable in all regressions. Although we should expect a negative influence running from output to structural funds transfers (richer regions receive less funds), since some years after the beginning of these transfers it is natural to register a reduction in output differentials, the presence of a negative relation over the period 1995-2007 points to the null impact of these transfers in the reduction of output differentials 24 . As Cappelen et al. (2003) , 641, point out: "to get the most out of the support [EU structural funds] , this needs to be accompanied by policies that improve the competence of the receiving environments, for instance by facilitating structural change and increasing R&D capabilities in poorer regions". As far as the specific situation of Portugal is concerned, the negative sign for the coefficient of the structural funds variable might be related to a Dutch disease phenomenon. The Dutch disease concept was created by the The Economist (1977) and the seminal papers of Corden and Neary (1982) and Corden and Neary (1982) , according to which the exploitation of natural resources leads to a decline in the manufacturing sector due to the resulting currency appreciation that makes manufacturing goods exports less competitive. The majority of the European aid funds was used to build infrastructures, that is nontradable goods. In general, we believe that public investment has a positive effect on long-run output, as evidenced in Aschauer (1989) and Easterly and Rebelo (1993) .
However, we must not forget that the estimated effect is often small or negligible and depends to a great extent on the empirical methodologies used (see e.g. Turrini (2004)).
For the period 1960-2005, Afonso and St.Aubyn (2008) conclude that Portuguese public investment did not crowd out private investment but, at best, the effect of public investment was not much different from zero, with a negative total rate of return for Portugal (the same applied to Austria, Finland, Greece and Sweden). We thus believe it is possible to argue that EU structural funds were a source of Dutch disease for Portugal, which resulted mainly in a lack of external competitiveness of the Portuguese economy due to the excessive specialization in non-tradable goods made possible by the European funds.
Finally, in what concerns the regional productive structure, there is clear evidence of a positive relation between the importance of the services sector and output. As for manufacturing, although positive the estimated coefficient on the manufacturing employment share variable is not statistically significant.
[Insert Table 7 here]
The results of panel cointegration estimation using the ratio of percentile 10 th relative to percentile 50 th as the earnings inequality measure are presented in Table 7 since previous studies show that the relation between inequality and output might depend on inequality in different parts of the distribution, top or bottom. In this case we consider specifically the relation between inequality at the bottom of the distribution and output.
An increase in the r1050 variable corresponds now to a decrease in inequality, so that the confirmation of the previous results with the Gini index requires a positive estimated coefficient for this inequality measure. The consecutive regressions follow the same logic as those presented in Table 6 . Regressions 5-6 consider average years of total schooling, lh, as the human capital measure, while regression 7 considers that the relevant schooling level for production is specifically secondary schooling measured as average years of secondary schooling, lhs. Regressions 8-9 consider the separate and additional contribution of average years of tertiary schooling, lhh.
From the inspection of the results presented in Table 7 we can see that the estimated coefficient of lr1050 is in general positive and statistically significant. To be more precise, it is positive in five regressions out of the seven estimated regressions in this case, pointing to, as was the case with the results with the Gini index, to a negative relation between inequality and output. The same conclusions also apply to the estimated coefficients for the remaining explanatory variables.
[Insert Table 8 here] Table 8 presents the results of panel cointegration estimation using the ratio of percentile 90 th relative to percentile 50 th as the earnings inequality measure. In this case, we are controlling for a different sign of the relation between inequality and output at the top of the earnings distribution. An increase in the r9050 variable corresponds once more to an increase in inequality, as in the Gini index case. Again the different regressions can be grouped in three main types according to the human capital variable(s) considered. Regressions 10 considers average years of total schooling, lh, as the human capital measure; regression 11-12 consider average years of secondary schooling, lhs; and, finally, regressions 13-14 consider in addition average years of tertiary schooling, lhh. In each of the three groups of regressions, we tested for the longrun relationship between output, the human capital variable(s), the inequality measure, lasf, the structural funds variable, the homogeneous trend, and the influence of the regional productive structure.
The results in Table 8 point to an interesting change in terms of the evidence on the relationship between earnings inequality and output relative to the results obtained with
Gini index and the ratio of percentile 10 th relative to percentile 50 th . When the lr9050 variable is used as the inequality measure, in only two out of the eighteen regressions the estimated coefficient is negative and statistically significant, the result that at first sight would confirm the evidence we got based on the other two inequality measures. In the vast majority of the regressions the estimated coefficient of this inequality measure is positive and statistically significant indicating that an increase in inequality is beneficial to growth. This result however does not invalidate the previous ones. In fact, they are compatible. As shown by Voitchovsky (2005) , different mechanisms can be working at the same time so that an increase in inequality at the bottom of the earnings distribution will decrease output, while an increase in inequality at the top has the opposite effect. Inequality is good for growth since richer individuals have higher marginal propensities to save, thus leading to higher capital accumulation, and because it creates an incentive to belong to the wealthiest classes of society leading to higher working effort, both resulting in faster growth, but this only happens when inequality increases at the top of the distribution. If inequality increases at the bottom of the distribution, it will prevent an increasing number of poor but talented individuals to invest in human capital, and in this way hurt growth. The conclusions regarding the remaining explanatory variables do not change when compared to the results presented in Tables 6 and 7. [Insert Table 9 here]
Based on the evidence from the two previous tables, 7 and 8, in Table 9 we present the results of the estimations considering both inequality ratios at the same time Tables 6-8 apply.
Conclusions
Although Portugal ranks as one of the most unequal countries (in terms of income distribution) relative to other EU member states, inequality has hardly ever been considered as an explanatory factor in the studies that aim at explaining economic growth in the Portuguese economy, including studies devoted to the analysis of regional growth. To fill this gap, this paper investigated the relationship between inequality and economic growth, using panel cointegration estimation techniques. Overall, the results do not reject the existence of a significant relationship between the earnings distribution and per capita output, as predicted by theoretical models, but the sign of the relationship varies according to the earnings groups affected by changes in inequality, so that different transmission mechanisms might be working simultaneously. Specifically, we found that an increase in inequality reduces per capita output most likely by dampening investment in human capital, but this negative sign coexists with a positive relationship between inequality at the top of the earnings distribution and real GDP per capita, supporting the incentives argument. Additionally, the results confirm the predicted positive relationship between human capital and output. Another interesting result concerns the relationship between structural funds and output that point to a negative relationship. However, all these results are conditional on the sample period 1995-2007 so caution is required when trying to extend them to a longer time span. In fact, we may be capturing a specific short-term mechanism that relates the series during this period and so we should not try to infer the longer-term cointegration properties of the series.
The main policy implication emerging from this study is that policies aimed at raising the earnings and levels of education of the poorest are in order, even if there is evidence of a positive relationship between inequality and regional output due to inequality at the top end of the earnings distribution. When designing redistributive policy interventions it should be taken into account that the results in this study also have implications for the design of education programs since the negative output impact of inequality at the bottom of the earnings distribution is most likely explained by borrowing constraints to investments in human capital.
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